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2,600,335 
RADAR D]SPLAY 
Edwin G. Schneider, Lexington, Mass., assignor, 
hy mesne assignments, to the United States Of 
America as reprèsented by the Secretary of War 
Original alplication February 3, 194ff Sêrial NO. 
576,115, now Patent No. 2,55»163, dated May 
29, 1951. Divided and this application July 22, 
1948, Serial No. 40,143 
4 Claims. (CI. 34311) 
1 
This invention relates generally fo control Of 
the display by varying the rime of inititing thé 
sweep of the electron beam of a cathode ray 
indicator tube utilized in radio object locàting 
equipment fo display azimuth and range infor- 5 
motion. 
This application is a division Of my application 
Serial Number 576,115, filed February 3, 1945, n0w 
Paent Number 2,555,163, dated May 29, 1951-. 
ertain types of radio object locating equipment 10 
are provided with a cathode ray tube indicator 
having a radial sWeep reaching from the center of 
the screen fo .the periphery and rotated about 
the tube axis. The reflected echoes control the 
electron beam intensiy so that reflecting oh- 1 
jects produce an indication on the screen hav- 
ing an angular position corresponding fo he azi- 
muth of the detected object, and havïng a dis- 
tance from the center of the screen correspond- 
ing o the range of the object. This type of dis- 0 
play is lown as plan position indication 
(P. P. i.). 
One of the objects of this invention ïs t0. ex- 
pond the indicator sweep so that a seIected por- 
tion of the range is spread over the entire in-  
dicator screen. 
This system bas been tested and f0und highly 
successful in radio objëct 10cating èquïpment 
SCl 615A, and bas been adapted to various other 
equipment of simflar nature. 30 
ther objects vill be apparent from a studY 
of the following speciflcàtion, taken in cormection 
with. the accompanying drïwing, in whîcti: 
Fig. 1 is a block diagram of a radio 0bject 1O- 
cating apparatus utflizing a P. P. I. dispIay and 35 
assembled in accordance With ttie prilciples of 
tlïis invention; and 
Fig. 2 shows the approximate wave shapes of 
the output of the major componens of said sys- 
tem. 40 
Referring now more particularly fo Fig. 1 of 
the dawing, a màster oscillator 10 is provided 
having a sine wave output of a frequency de- 
pending upon the maximum effective range of 
the system. Assuming that said maximum range 45 
is i00 mfles, a pulse frequency or repetitlon rate 
of 930 Ci Pi S. is suitable to allow a radio pulse 
to reach a target at the maximum effective range 
and permit any echo thereof to be received bock 
by the equipment befole the transmission of the 50 
next. radio pulse. 
The sine wave output of 0scfllator [0 is dis- 
torged in a keyer Il to obtain narrow fiat top 
puises. The pulpe output of keyer I I is applied 
in parg to a radîo frequèncy oscilláor o taiS- 55 
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mitter 2 whereby short pulses of radio freq!ency 
energy are obtained which, through a duplexing 
circuit  $ may be conveyed fo a higlfly directional 
anterina sygtem  adapted fo be rotted, pref- 
erably continuouslY through 360 ° Of zimuth. 
DupleXing circuit 3 is a swltch for conlzecting 
tansmïtter 12 fo antenla  during trie trans 
mission of puises and for cormecting receiver 
fo untenna  during alteriate periods in order 
fo protect receiver 4 fr0m undue shock durïrlg 
transmission periods. The antenna System 
may comprise suituble dipole radiating elemeItS 
and ail appropriae parabolic reflecto, designed 
to Concentrate the tránsmïtted energy into a rel- 
atively narrow beàm. 
The output of the keyer   is also utilized to 
control the operation of a suitable circi]it 
adapted to generute sharp triggering pulses 
Which, ttirough a manUally operated switching 
arrangement , may be applied to a sweep gen- 
erator 8. The output ot the latter,  ss;wtooth 
current, is applied to deflecting Cofls 9 rotatable 
about the neck of a cathode ry tube 20 ai a 
rate corresponding to that of the rotation of he 
antenna system I. By tlïïs arrangement the 
screen of the indïcator tubè 20 is Provided witl a 
radial electron beam grace commencing ai ifs 
center  and extending to its periphery. 
Ttïe above described trace is rotated about ifs 
origin ïn Synchronism with the azimuthal scan- 
ning of the antenna system  . Th rdiI trace 
and ante'nna system are both initilly alïgled 
witri zero dégrees azimuth, correspondïng to 
transmission in a referenCe direction, for exam- 
ple, north. IIn the examplè being described the 
trace represents 100 mfles, and thereforè the gen- 
erator ! 8 should be designed so that the timè base 
output there0f is equal fo 1075 miCroSeconds.. 
When - transmitted radio puises eicounger a 
reflecting objec, eches are réCeived by  the arf- 
tenna system  and cOnveyed througlï t.tie 
plexing circuit 3 to the receiver , Wheré they 
are demodilated and then appliel fo. the C0n- 
trol grid 2 of the indicator 2{}. Thus, the'elec- 
tron beam emanating from the cath0d 22" of th'e 
tube 20 becomes intensity-modulated: and triere 
appear on the sensiti:zed screen 23 Of said tube, 
short arcs whose positions depend, as herêinbe- 
fore stated, upon the iespective azimuths 
ranges of the reflecting objects. The indïdat0r 
screen may be calibrated about its periphery, as 
àt 2, in terms of azimuth; and long  reference 
diameter, as-ai 2 , in terres of range. 
In Fige 1 of thè drawings, tw0 forger, indida- 
tions are shown on the right-hand sidë of the 
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screen 2S, their particular position beLg merely 
illustrative. It will be noted that both indica- 
tions are between the 30 and 40 toile markers on 
the range scale 2. The range of neither target 
can be discerned with any great particularity. 
The features of the invention which enables 
these detected objects tobe more closely exam- 
ined to permit their ranges to be determined with 
increased accuracy wfll now be described. For 
this purpose, reference wfll be made to the wave 
shapes shown in Fig. 2 of the drawing as well 
as to the block diagram of Fig. 1. 
At A in Fig. 2, there is diagrammatically rep- 
resented the pu]se output of the sweep trigger 
generatoi 16. As above stated, this output is fed 
to the switch ! 7, in one of the positions of which, 
here shown as the upper, said output is applied to 
the search sweep generator . In the other 
position of said switch, the trigger pulse output 
of the generator 6 is applied to a conventiona] 
buffet amplifier 2 6, where itis inverted, as shown 
in Fig. 2B. 
The positive-going pu]ses thus obtained which, 
it will be recalled, are synchronized with the 
radio pulse transmission, are applied in part to 
any preïerred, highly accurate rectangular wave 
generator 27 for producing positive-going rec- 
tangular waves of selectively variable width, as 
shown in Fig. 2C. Such rectangular wave gen- 
erators are well known in the art, an example 
thereof being shown on page 176 and Figs. 4-9 
in "Ultra High Frequency Techniques" by Brain- 
erd, Koehler, Reich, and Woodruff, published by 
D. Van Nostrand Co., Inc., in 1942. Generator 
27 may be provided with a selector switch 39 for 
adjusting the length oï the rectangular wave pro- 
duced. 
The adjustable lsgging edge of the rectangu]ar 
wave produced by generator 27 is then differen- 
tiated in a circuit 28 having a short time con- 
stant, to obtain the sharp triggering pu]ses shown 
at D in Fig. 2, said pu]ses then being inverted by 
a conventional inverter amplifier 29 to obtain the 
positive-going pu]ses shown at E in Fig. 2. These 
pu]ses are utilized to trigger agate generator 3t} 
producing a positive-going çectangu]aç output 
wave. Generator 30 may be simflar fo generator 
27, except that it produces iectangulai waves of 
Tixed width. In the case undei consideration, the 
waves may bave a width of approximately 107.5 50 
microseconds, which is the rime required for the 
radio pulses to travel out and be reflected back 
over 10 mfles, the distance tobe represented by 
the expanded sweep referred to in the earlieÆ por- 
tions of this specification. 55 
The resulting rectangular enabling wave or 
gare, diagrammatically shown in Fig. 2i, is ad- 
justable in phase or rime relation with respect 
fo the radio pulse transmission and is applied to 
one of the control'elements of a normally inoP- 6O 
erative standard coincidence circuit 3! to condi- 
tion said circuit ïor operation at any rime within 
the period oï said gare. Such coincidence circuits 
are well known in the art and may comprise an 
electron tube operated with a bias rendering it 65 
inoperative unless itis supplied with two pu]ses, 
additively and simultaneously, one pu]se alone 
not being sufficient to tender the tube operative. 
Each of the two pulses may be applied to a dif- 
ferent electrode of the electron tube. 70 
It wfll be noted ïrom the description thus ïar 
that, by adJusting the width of the output wave 
(Fig. 2C) of the rectangular wave generator 27, 
by means of selector switch 39, the application oï 
the gare (Fig. 2F) to the coincidence circuit 3, 7» 
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may be delayed by any desired intervai which, 
for example, may be th sure of increments of 
rime representing 10 mfles of range. 
I shall now set forth the manner in which the 
5 coincidence circuit 3,, after conditioning as just 
described, is rendered operative to enable trig- 
gering of the expanded sweep. 
For this purpose, the output of the buffet am- 
plifier 26 in addition to being applied to the rec- 
10 tangular wave generator 27, is also applied fo an 
oscfllator gare generator 32, which is similar to 
generator 27 and bas a positive-going rectangular 
output wave of adjustable width as shown ai G 
in Fig. 2. This output is applied to a conventional 
]5 normally inoperative stable oscfllator 33, which, 
for the duration of said rectangular output wave, 
generates a sine wave, shown in Fig. 2H, the fre- 
quency of which is a submultiple of the frequency 
or pulse repetition rate of the transmitted radiant 
20 energy. In the embodiment described, the ïre- 
quency of oscillator 33 is 9300 C. P. S., correspond- 
ing fo a period of 107.5 microseconds. 
The positive alternations of said sine waves are 
distorted by a squarer-amplifler 34 to obtain the 
25 square-wave train shown in Fig. 2I. Squaring 
circuits are well known in the art and may consist 
of a top-clipper tube followed by an amplification 
stage. 
The wave shown in Fig. 2I is diffeçentiated in 
30 a circuit 3, Fig. 1, as shown in Fig. 2J, and is 
then clipped and inverted in an appropriate cir- 
cuit 36, to obtain the trigger pulses shown dia- 
grammatically in 2K. These pu]ses are separated 
by the exact rime required for the radio pulses 
35 fo travel out and be refiected back over 10 mlles, 
the distance to be represented by the expanded 
sweep trace. 
The pu]se output of the clipper-inverter 36 is 
applied to the second control element of the coin- 
4O cidence circuit 3, and whichever pu]se occurs 
during the period when said coincidence circuit is 
conditioned for operation as above described by 
the gare shown in Fig. 2F, causes said circuit to 
pass said pu]se, as shown in Fig. 2L. The latter 
45 pu]se triggeis an expanded sweep genelatoi 37, 
Fig. 1, adapted fo produce a sawtooth current 
whose period is, in the case being considered, 
107.5 micro-seconds, representing a range of 10 
toiles. The output of the expanded sweep gen- 
erator bas a wave ïorm simflar to that of the 
search sweep generator applied fo the deflecting 
cofls 9 of the cathode-ray indicator tube 
The range scale on screen 23 of indicator tube 
28 relating to the expanded sweep, which is shown 
on the left-hand side of the screen 23, may be 
calibrated in terms of range, as shown at 38. 
Assurning that the delay introduced by the 
square wave generator 27 is 322.5 microseconds, 
which is the time required for the radio pu]ses 
to travel out and be reflected back over 30 miles, 
the commencement of the expanded sweep wfll 
bave been delayed by that amount of rime, so 
that the trace appearing upon the indicator screen 
will represent the 10-rafle region of space between 
30 and 40 mfles from the radio-echo equiment. 
And, it wfll be noted that the expanded sweep 
now enables an accurate determination of the 
ranges of the detected targets. Inspection of the 
display indicates that the two targets hereinbeïore 
referred to, which were known to be merely 
somewhere between 30 and 40 mfles distant, are 
actually 34.5 and 37.5 mfles distant, respectively. 
The foregoing is a description of a preferred 
embodiment of my present invention, and if will 
be noted from all oï the foregoing that I bave 
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provided a simple circuiç arrangemenç for ex- 
amining closely any selected region of the total 
range of a P. P. I. object locating system, partic- 
ularly an early warning system, whereby the 
ranges of distant targets detected durtng normal 
searching may be determined with greater ac- 
curacy than bas heretofore been possible. 
Other advantages of my present invention will 
readily occur to those skilled m the art to which 
the saine relates. 
What is clahned is: 
1. A puise echo object locating system compris- 
ing means to radiate pu]ses into space, means to 
receive echoes of said puises reflected by objects 
tobe detected, at least one of said means having 
a directive characteristic, means to vary said 
directive characteristic for each successive pu]se, 
means to generate rime loci en a modifled polar 
coordinate display corresponding in direction t 
said directive characteristic, means responsive to 
said receiving means for causing visible indica- 
tions on said display along said loci upon receipt 
of an echo, means to synchronize said radiated 
pu]ses in predetermined rime relation to the gen- 
eration of said rime loci including means to delay 
the initiation of the generation of said rime loci 
by a predetermined variable time after radiation 
of each pulse, whereby a positional presentation 
of the reflecting objects is formed on said display, 
omitting objects within the distance correspond- 
ing fo said rime to provide a detafled presenta- 
tion of objects beyond said distance. 
2. A pu]se echo object locating system compris- 
ing means to radiate puises into space, means to 
receive echoes of said pu]ses reflected by objects 
tobe detected, at least one of said means having 
a directive characteristic, means to vary said di- 
rective characteristic for each successive pu]se. 
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means to generate rime loci from a point of origin 
on a modified polar coordinate display in a direc- 
tion corresponding to. said directive characteristic, 
said riciiving means causing vIsibli indication on 
5 said display along said loci upon receipt of an 
echo, means to synchronize said radiatid pu]sis 
in predetermined thne relation to the generation 
of said rime loci including means to delay the 
initiation of the generation of said timi loci by 
io a predetermined variabli timi after radiation of 
each puise, whereby a map-like presentation of 
the reflecting objects on said display is distorted 
to omit objects within the distance corresponding 
to said rime and to provide a detailed presenta- 
15 tion of objects beyond said distanci. 
3. A puise echo object locating system accord- 
ing to clahn 1, wherein said tJme loci are radial 
sweep traces. 
4. A pu]se echo object locating system accord- 
2o ing to claire 2, wherem said rime loci are radil 
sweep traces. 
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